Although Bellamy does not use the simplified terminology which I am suggesting, his interpretation is substantially the same as I have given. The essential points are that in P. maculatus sex-linked characters are borne in a Y (male determining chromosome) whereas in P. variatus they are borne in an X (female determining chromosome). When the two systems are brought into competition, Y is dominant over X as in Drosophila, this being thus indicated as the more primitive system. It is not clear what is the result when the strong X of one system is combined with the strong Y of the other system; possibly it results in the production of an intersex.
1. Introduction.-The existence of a substance in several crystalline modifications and the inversions of these from one form to another are phenomena usually thought of from a very generalized thermodynamic viewpoint. Tenable specific reasons why a substance should exist in more than one modification and why these should transform to one another under various changes of conditions do not appear to have been offered. In the present paper, an attempt will be made to give such reasons by suggesting a certain dynamic-structural viewpoint. For simplicity, change of phase with pressure will be neglected and attention will be focused on the change of phase with temperature.
The necessity for some degree of periodic and symmetrical arrangement in crystals requires that there be discernible within them some sorts of co6rdination groups of atoms. These co6rdination groups are well known,'
and Pauling has formulated rules2 for the prediction of structures of ionic crystals based upon co6rdination. The rules do not, however, give a unique solution of the crystal structure for any given compound, for there are ordinarily a number of alternative ways of linking groups together, each of which leads to a different structure. Such alternatives are, of course, possible polymorphous modifications of the same compound. It is believed that a development of the theory presented in this paper may afford a key to the correct selection of the appropriate crystal structure from the possible alternatives.
Cluster Vibrations in Crystals.-The temperature of a crystal implies an energy content in the form of motion of its fundamental atomic units. Since the energy is communicated to an atom mechanically by its neighbors, it can be said that the motions of the atoms are not entirely at random, but are synchronized, in a general way, with those of their neighbors. That is, heat motion is a wave motion among the atoms of the crystal structure. In the opinion of the writer, the secret of polymorphism resides in the form of the wave motion.
It is more convenient to examine the form of wave motion by fixing attention on the motion in the immediate vicinity of one of the major repetitive units in the crystal structure. Such a unit may be termed a cluster, which may be either a molecule, a molecular group of atoms or a coordination group of atoms. The three degrees of freedom of each of the n atoms of a cluster may be combined in various ways to give characteristic cluster vibration modes. Six degrees of freedom may be ascribed to translations and rotations of the clusters as bodily units. These may be regarded as "outer" vibration modes. The remaining 3n -6 degrees of freedom correspond with kinds of internal cluster distortions, etc., i.e., to "inner" vibration modes.3 If the cluster is symmetrical (for example, the tetrahedral SiO4 cluster), then many of these modes are degenerate, or turn out to be geometrically identical with one another except that they have different orientations; the number of distinctly different types of vibration states may thereby be greatly reduced. Thus, the tetrahedral SiO4 cluster has 3 X 5 -6 = 9 inner vibration modes, but because of the symmetry of the cluster, only 4 of these are geometrically distinct.
The response of a crystal to temperature amounts to the acquisition of one or more vibration modes by its clusters, for the motions of an array of atoms can be factored into a combination of one or more of its cluster vibration modes. Furthermore, it is now a familiar matter from Raman spectroscopy that the different modes are excited with different energy inputs. (This can be developed in the present connection from a consideration of bond-breaking tendency, or vapor pressure, for a given energy content of the several vibration modes.) One may ordinarily expect, then, that in simple cases, at least, the clusters of a crystalline material will tend to be excited to different possible cluster vibration modes with different levels of kinetic energy input, i.e., with different temperatures.
The excitation of outer or inner modes will depend primarily on the relative strength of inter-cluster versus intra-cluster bindings. The smaller this ratio, the more easily will the cluster behave as a rigid unit. In the case of molecule clusters and molecular group clusters, the weakness of the intermolecular forces permits very easy excitation of the outer modes, and as a consequence, the rotational motions of molecules in crystals4'5'6 are quite common as a form of heat motion. In linked co6rdination struc-VOL. 22, 1936 tures, on the other hand, one would expect heat motion almost exclusively in the form of inner vibration modes.
The various vibration modes, in general, have different symmetries. In other words, the dynamic symmetries of a cluster are not necessarily identical with its static symmetry, but may be either higher or lower. The rotational outer modes ordinarily tend to increase the cluster symmetry to radial symmetry about the axis of rotation if the rotation is complete. The inner modes on the other hand, either have the symmetry of the ideal static cluster or a lower symmetry. From this it follows that if a crystalline material responds to a certain temperature with a certain cluster vibration mode, the clusters have a definite dynamic symmetry which requires a cluster linking (i.e., a crystal structure) in which the cluster occupies this symmetry in the space group of the structure. Another way.of looking at this is that the heat motion wave must have the appropriate symmetry of the dynamic state of the cluster required at that temperature, and that a certain crystal structure gives the appropriate wave symmetry.
The gist of this theory of polymorphism may be summed up as follows:
For a given temperature, there is a preferred cluster vibration mode (or mode combination) leading to least vapor pressure; this vibration mode requires the cluster to have a certain dynamic symmetry. Stable crystals form at this given temperature by the building up of a crystal structure such that this preferred symmetry is provided by the structure for the cluster.
It would be of the greatest interest to examine the known one-component systems in the light of the theory of polymorphism just suggested, with a view to testing it. In order to make such studies, not only must the thermodynamic relations among all the stable modifications be completely known, but the crystal structures of the several modifications as well as the energy relations between the several vibration modes of the cluster types must also have been worked out. These data are available for very few systems. In forthcoming papers, some of these will be considered.
Another interesting test of the theory suggests itself: A compound ought to be continually emitting possible electromagnetic radiation due to thermal vibrations. The radiation spectra ought to be different for the several modifications and for each modification the spectrum ought to correspond with the frequency or frequencies of the vibration mode or modes of the cluster in that modification. The emitted radiation for each modification ought to be the same as certain of the lines of the infra-red type absorption spectrum for that modification, and also correspond, where permitted, with certain of the lines of the Raman spectrum for that modification. In at least some instances, such as when the modifications are capable of existing at high temperatures, the emitted radiation ought to become strong enough to permit detection, measurement of frequencies and correlation with infra-red absorption and Raman frequencies for the several modifications. I V. M. Goldschmidt, "Geochemische Verteilungsgesetze der Elemente," Skrifter utgitt av Det Norske Videnskaps-Akademi i Oslo, I. Matem.-Naturvid. Klasse., especially part VII, 112-117 (1926) .
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In a large way, the problem here is one of accounting for temperaturecomposition diagrams, for which the simplified form is the familiar equilibrium diagram, which deals only with stable phases. In the main, attention will be particularly directed to the region in the immediate vicinity of the original pure compound. VOL. 22, 1936 
